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Abstract 
This paper represents the final report of a multi-member longline survey on Antarctic 
toothfish (Dissostichus mawsoni) at Subarea 48.6 between 2018/19 and 2020/21 fishing 
seasons by Japan, Spain, and South Africa. This survey period is the third of three seasons 
research at the Subarea 48.6; 1st: 2012/13-2014/15, 2nd: 2015/16-2017/18, 3rd: 2018/19-
2020/21. The data set, C2 and Observer data, was provided by the CCAMLR Secretariat on 
the 14th July, 2020. This report summarizes fishing activity, collected data, and progress 
and achievements of each objective. 
In this paper, the data set during current fishing season (2020/21) was used for 
reporting the quantity of data and samples collected. The research operations at 48.6 have 




One fishing cruise by Japanese vessel (Shinsei-Maru No.8), and one fishing cruise by 
Spanish vessel (Tronio) took place at Subarea 48.6 in the 2020/21 season. Shinsei-Maru 
No.8 has operated with Trotline as the longline fishing gear from January to March. Tronio 
has operated with Spanish line from February to April. Because of heavy sea ice, both 
Shinsei-Maru No. 8 and Tronio could not complete the fishing operation at the research 
blocks 4 and 5 during 2020/21 fishing season. It is noted that the research operations at 
48.6 have not yet been completed in the 2020/21 fishing season. 
Number of lines for each vessel by fishing season is summarized in Table 1. Table 2 
summarizes the number of lines per fishing season and research block for each vessel. 
Figure 1 indicates the spatial distribution of operated lines since 2012/13 fishing season. 
Figures 2 and 3 indicate the spatial distribution and depth distribution of operated lines for 
each fishing season since 2012/13 fishing season, respectively. Due to the changes in the 
design of the research blocks over the years, some of the lines fall outside the research 
blocks 2-5. 
 
Table 1: Numbers of lines for each vessel by fishing season (pooled across Subareas) in Subarea 48.6. 




Table 2: Number of lines per fishing season, vessel, and research block in Subarea 48.6 between 2012/13 
to 2020/21 fishing season. Values of “Outside” includes operations in the research blocks 48.6_1 in 






Fig. 1: Spatial distribution of individual lines in Subarea 48.6 since the 2012/13 fishing season. Black 
lines = CCAMLR Research Blocks, grey line = bathymetry contours 1000, 2000, and 3000 m obtained by 
ETOPO1. In 2019/20 fishing season, fishing locations outside of the research block 48.6_5 were notified 
to the Secretariat as “Buffer zone” and “Extended buffer zone” on 30th-31st January 2020 in accordance 




 Fig. 2: Spatial distribution of fishing effort at Subarea 48.6 since the 2012/13 fishing season. Shading 
indicates the number of longlines deployed. Raster cells are of size 0.2 degree longitude and 0.2 degree 
latitude. Black lines = CCAMLR Research Blocks, grey line = bathymetry contours 1000, 2000, and 3000 





Fig. 3: Depth (‘depth_gear_set_start_m’ in CCAMLR data) distribution of lines in Research Blocks of 






In 2020/21 season, total catches of D. mawsoni were 319 tonnes in Subarea 48.6 (Table 3), 
it is noted that the research operations in Subarea 48.6 have not yet been completed. Depth 
distribution of catch is shown in Figure 4. 
 







Fig. 4: Accumulated Catch amount (t) of D. mawsoni by depth bin (100m) in each research block at 






Figure 5 represents the spatial distribution of D. mawsoni catch per unit effort (CPUE) 
calculated as catch amount (t) per 1000 hooks. Figure 6 shows the Time series of CPUE 
(kg/1000 hooks) of D. mawsoni in Subarea 48.6 since 2007/08 fishing season. 
Fig. 5: Spatial distribution of CPUE (kg/1000 hooks) of D. mawsoni in Subarea 48.6 since 2012/13 
fishing season. Square cells are of size 0.2 degree longitude and 0.2 degree latitude. Black lines = 
CCAMLR Research Blocks, grey line = bathymetry contours 1000, 2000, and 3000 m obtained by 
ETOPO1. 
Fig. 6: Time series of CPUE (kg/1000 hooks) of D. mawsoni in Subarea 48.6. 'Combined' CPUE is 




Sampling summary for biological information of D. mawsoni caught in Subarea 48.6 was 
indicated by Table 4. Since the research operations in Subarea 48.6 have not yet been 
completed in the 2020/21 fishing season, the number of observed fish and sample 
collection will be increased during this fishing season. 
 
Table 4: Summary table of D. mawsoni biological data in Subarea 48.6. Values are the number of fish 
observed for each biological parameter and sample collection. Data are for all vessels and cruises pooled. 






Number of D. mawsoni tagged is shown in Table 5. Spatial distribution of released and 
recaptured D. mawsoni is shown in Figure 7. Table 6 indicates summary of tagged and 
recaptured information between 2012/13 and 2020/21 fishing season. 
 Shinsei Maru No.8 released PSATs (MiniPAT, Wildlife computers) in Subarea 48.6 
in 2020/21 fishing season (see details in the section "Achievement of milestones for 
research objectives"). 
  
Table 5: Number of tagged and released D. mawsoni in Subarea 48.6 since 2012/13 fishing season. The 





Figure 7: Spatial distribution of released and recaptured D. mawsoni in Subarea 48.6 since 2012/13 
fishing season. Circles indicate locations of released fishes and recaptured fishes inasterisks . Black lines 
= CCAMLR Research Blocks, gray lines = bathymetry contours 1000, 2000, and 3000 m obtained by 
ETOPO1. In 2019/20 fishing season, fishing locations at outside of the research block 48.6_5 were 
notified to the Secretariat as “Buffer zone” and “Extended buffer zone” on 30th-31st January 2020 in 




Table 6: Summary of tagged and recaptured information in Subarea 48.6. Labels in rows and columns 
indicate CCAMLR fishing season (e.g., 2013: 2012/13 season). Years in row are released year. Years in 





Table 7 shows summary of bycatch weight except for VME species recorded in C2 across 
research blocks and fishing seasons in Subarea 48.6. 
 
Table 7: Summary of catch weight (kg) of non-target species except for VME species recorded in C2 





Table 8 shows total weight of VME indicator species caught during research fishing in 
Subarea 48.6 since 2012/13 fishing seasons. Spatial distribution of VME indicator species 
by each haul is shown in Appendix Figures. 
 
Table 8: Summary of catch weight (kg) of VME species recorded by scientific observers in Subarea 48.6 





Table 8 continued: Summary of catch weight (kg) of VME species recorded by scientific observers in 





Achievement of milestones for research objectives  
Objective 1: An assessment of the stock status of D. mawsoni. 
CASAL models for D. mawsoni at Subarea 48.6 have been developed and reported in 
following papers; 
- T. Okuda (2018) Preliminary results of stock estimation for D. mawsoni using 
CASAL in the research block 48.6_2. Document WG-FSA-18/72., 
- K. Sawada and T. Okuda (2019) Progress on the integrated stock assessment by 
CASAL for Antarctic toothfish Dissostichus mawsoni in Subarea 48.6. Document 
WG-FSA-2019/21., and 
- Y. Osawa, K. Sawada, and T. Okuda (2021) Preliminary progress on the integrated 
stock assessment by CASAL for Antarctic toothfish Dissostichus mawsoni in 
Subarea 48.6. Document WG-FSA-2021/XX. 
 
In 2020/21 fishing season, CASAL model have been updated with latest data up to 
2019/20 fishing season. Otoliths collected in previous fishing season will be aged to 
increase sample size of aging data to get concrete annual age length keys. 
An updated CASAL model was constructed for Dissostichus mawsoni at the Subarea 
48.6, using the data collected from blocks 2 - 5. The updated model showed some 
improvements, especially in the age/tagging related assumptions. On the other hands, the 
model indicated some unreliable results, which should be carefully considered before it 
moves on to the further step. Additional data or arrangement of parameters of CASAL 
model might help us to improve the model quality to conduct the future stock assessment 
of D. mawsoni in Subarea 48.6.  
 
Objective 2: Improving the knowledge about growth of D. mawsoni. 
From 2012/13 fishing season, Japan has conducted works on D. mawsoni age and growth 
with otolith readings in cooperation with Secretariat and other members (especially NZ 
colleagues). From 2018/19 fishing season, Japanese and Spanish readers are conducting 
aging works for more than 500 otoliths, and starting evaluating reading results among them 
but due to COVID it has not been possible to finalize the age estimates. It is expected to 
continue with this work in the coming months.  
 Previously, this multi-member research program updated growth parameters in 
annual progress report (WG-SAM-14/01, WG-FSA-14/17, WG-SAM-15/06, WG-FSA-
15/16 Rev1, WG-SAM-16/07, WG-FSA-16/32 Rev1). In 2018/19 fishing season, Age 
Length Keys and growth model parameters were updated and presented in WG-SAM-
2019/36 (Okuda and Sarralde Vizuete 2019). 
 From the 2018/19 season, a total of 293 otoliths have been read by Spain in order to 
estimate the age in length of the D. mawsoni specimens (female: 139, male: 154) at 
Subarea 48.6. Preliminary results are shown in Figure 8, where age-length values by sex 
are plotted together with the 95% confidence interval of the age-length curve used in the 





Figure 8: Age-length relationship of D. mawsoni in Subarea 48.6 derived from Spanish aging works 
during 2018/19 fishing season. Dotted curves are the 95% confidence interval from Ross sea assessment. 
 
Objective 3: Improving the knowledge about population structure of D. mawsoni. 
Previously, hypothesis testing of stock structure including toothfish movement has been 
discussed in annual reports of this research program (WG-SAM-14/01, WG-SAM-14/10, 
WG-FSA-14/17, WG-SAM-15/06, WG-FSA-15/16 Rev1, WG-SAM-16/07, WG-FSA-
16/32 Rev1). In February 2018 the first Workshop on D. mawsoni took place in Berlin, we 
wrapped up the cumulative knowledge about the stock structure of D. mawsoni in 48.6 and 
surrounding areas (WS-DmPH-18/06), and three potential stock hypotheses for D. mawsoni 
in the Atlantic and adjacent regions of the Southern Ocean were proposed in WG-SAM-
18/33 (Söffker et. al. 2018).  
 In the 2018/19 fishing season, movements of tagged D. mawsoni were examined in 
relation to life history hypotheses at Subarea 48.6 (WG-FSA-19/05). Most of long-distance 
movements occurred in westward direction along continental shelf, which may support the 
single Atlantic population hypothesis (Söffker et al., 2018). This year we conducted an 
updated analysis of long-distance movements of tagged D. mawsoni that were released or 
recaptured in 48.6. As for east-west movements, between-subareas movements occurred 
occasionally (Fig. 9). Specifically, five tags showed westward movements, i.e. three tags 
moved from 58.4.2 to 48.6, one tag from 58.4.1 to 48.6, and one tag from 48.6 to 48.2. One 
tag showed eastward movement from 48.6_5 to 48.6_4. As for north-south movements, we 
could finally collect data that support the hypothesis on migrations between the shelf areas 
(feeding ground) and northern areas (spawning ground), although data are only northward 
movements. Two tags moved from 58.4.2_1 to 48.6_2, one tag from 48.6_4 to 48.6_3, and 
one tag from 48.6_5 to Subarea 48.2. Information on such north-south movements is 
important to develop the structure of CASAL model in 48.6. The updated analysis also 




Figure 9. Net movement of tagged D. mawsoni based on between-season recaptures during the period of 
2008-2021. Red and blue lines indicate movements of ordinary tag and PSAT tag, respectively. RB 
indicates research block, e.g. RB-2 indicates 48.6_2. 
 
Spain deployed 6 satellite pop-up tags (PSATs) in D. mawsoni in the 2018/19 fishing 
season (Fig. 10). Althoug 4 tags popped-up, it has not been possible to obtain the stored 
information, probably due to the presence of ice.  
On the other hand, 3 D. mawsoni have been tagged by Japan in the 2019/20 season 
with a pop up electronic PSAT tags, 2 within the 48.6_3 and 1 in 48.6_4. One PSAT 
successfully sent data in February 2021, which showed northward migration from 48.6_4 
to around 59˚ S (Fig. 9). This data also supports the hypothesis of north-south migration of 
this species. 





For the otolith microchemical analysis of D. mawsoni, we are collaborating with 
Chinese colleague (Prof. Guoping Zhu; WG-FSA-18/75). His group are building 
experimental procedures under the suggestions from the well-experienced international 
scientists, but the morphology of samples was analyzed and presented in the WG-FSA 
(WG-FSA-2019/61). In 2019 a study in collaboration with the University of La Laguna 
(Spain) has been made with the aim of analysing the possible existence of a population 
structure for the Antarctic toothfish D. mawsoni in four different areas in the Atlantic 
sector and one in the Indian sector of the Southern Ocean and, if applicable, to assess the 
migration rate between them. For this purpose, the molecular variation between individuals 
of the possible stocks were studied for three mitochondrial DNA fragments: Cyt b, ND2 
and 16S rRNA. 
50 samples of muscle tissue from Antarctic toothfish from 5 different locations. Ten 
of them originating from Division 58.4.1 and 40 from Subarea 48.6, itself subdivided into 
four blocks (research blocks 2-5). Of the 2,101 nucleotide positions analyzed, only 15 were 
variable (0.7%). The research block 5 of Subarea 48.6 showed the greatest genetic variation 
(8 of the 15 variants found). 
On the other hand, nucleotide diversity showed very low values, ranging from 
0.027 % (ND2 and 16S rRNA) to 0.048 % for cyt b, which are similar to those obtained by 
Kuhn and Gaffney (2008) for these same markers. 
In summary, the results of this work indicate that there is no significant genetic 
differentiation between the sampled populations, which could be explained by the existence 
of a significant migration rate between them or by a low rate of nucleotide substitution. In 
this sense, our results agree with those recently published by Maschette et al. (2019), based 
on the analysis of 10,303 SNPs in 535 individuals of D. mawsoni, who conclude that there 
is no population structure, ruling out the existence of genetically distinct breeding 
populations in this species.  
However, special mention should be made of the results obtained for the research 
block 5 of Subarea 48.6, which shows a significantly higher genetic variability than the rest 
of the blocks sampled for this work. However, the small sample sizes of this study make it 
necessary to take these results with caution. Thus, the results of analyses with a larger 
sample size may differ from those found in this study. 
 
Objective 4: Investigating ecological traits of D. mawsoni. 
Previously, this multi-member research program updated length-weight relationship 
and maturity ogive parameters in annual progress report (SAM-14/01, FSA-14/17, SAM-
15/06, FSA-15/16 Rev1, SAM-16/07, FSA-16/32 Rev1, WG-FSA-18/71, WG-SAM-
2019/36). 
 A total of 511 D. mawsoni were sampled for stomach contents onboard the Tronio 
during the 2018/19 season in subarea 48.6, 337 in 2019/20 and 149 in 2020/21.  The 
Stomach index (from 0 to 4) results are shown in Table 11. 114 out of 511 specimens had 
the stomach full. Japan also have started a collaboration about examining stomach contents 






Table 11: Stomach index of D. mawsoni collected by Tronio in Subarea 48.6 during 2018/19, 2019/20 










Empty 0 298 184 62 
>1/4 filled 1 69 61 30 
half full 2 56 41 28 
3 /4 filled 3 21 21 12 
full 4 67 30 17 
 
Looking into big groups of prey (Fig. 11), 30 and 14% of stomach content were from 
invertebrates (octopuses, squids or crustaceans), while 28 and 42% were full of fishes 
(eelpouts, rattails, icefishes or liparids) and 42 and 44% others (rock, unidentified, offal or 




Figure 11: Percentage of prey by big group of D. mawsoni collected by Tronio in Subarea 48.6 during 
2018/19 (top left), 2019/20 (top right) and 2020/21 (bottom) fishing season. 
  
For quantification, the diet composition has been sampled in percentage of each prey 
present in the stomach. If the stomach is full with only one prey, a 100% is assigned to this 
prey. If more than one prey is present, the % of each prey into the sample is collected. Bait 
has been the most abundant item in the two first seasons while in 2020/21 they have been 
unidentified fishes (Figure 12). The bait used during the survey are squids and/or herrings. 
From invertebrates, the most abundant prey are octopuses and from fishes, rattails and 





Figure 12: Diet composition in % of D. mawsoni collected by Tronio in Subarea 48.6 during 2018/19 (top 






Two cases in which the stomach was full of penguin remains (flipper and bones) and 
collected as “Unidentified” have been found in 2019/20 season as well as one case with an 
orange peel that has been collected as “offal” while in 2018/19 there were an stomach from 
another fish species and collected as “offal” as well. In 2020/21 one stomach content has 
been identified as offal corresponding with a spine and a fish fin.  
 Stomach and liver weights have been also sampled. D. mawsoni relationships 
between TL and liver weight (left) and TL and stomach weight are shown in Figure 13. 
 
Figure 13: TL-liver weight (left) and TL-stomach weight (right) relationship of D. mawsoni collected by 
Tronio in Subarea 48.6 during 2018/19 fishing season. 
 
Objective 5: Revealing spatio-temporal pattern of bycatch species distribution. 
Previously, this multi-member research program reported spatial pattern of major by-
catch fishes and VME indicators in Subarea 48.6 (WG-SAM-17/44, WG-FSA-18/70).  
For bycatch fishes, statistical models have been developed to examine by-catch fish 
pattern in toothfish fishing operations at Subarea 48.6; conventional (non-spatial) 
generalized linear mixed models (GLMMs, WG-SAM-2019/09), and a spatial delta-
GLMM implemented by the R package VAST (reported during WG-FSA-2020 online 
discussion).  The spatial modeling using VAST have been improved to consider following 
issues suggested during WG-FSA-2020 online discussion; 1) further examination of model 
diagnostics, (ii) application to other research blocks, and (iii) evaluation of gear effects 
(document of WG-FSA-2021). 
Objective 6: Improving the knowledge about Antarctic marine ecosystems. 
Dr. Namba reported the series of sea ice and SST analysis as follows; 
- Delegation of Japan (2015) Research plan for the 2015/16 exploratory longline fishery 
of Dissostichus spp. in Subarea 48.6. WG-SAM-15/06. 
- T. Namba, T. Ichii and T. Okuda (2017a) Update of analysis on sea-ice concentration 
of southern part of 48.6 and 58.4.2 for the new research block on expected spawning 
ground of TOA. WG-SAM-17/10. 
- T. Namba, T. Ichii and T. Okuda (2017b) Correlation of sea surface temperature in 
Ross Sea, Weddell Sea and the sea off Peru for the ice analysis. WG-FSA-17/08. 
- T. Namba, R. Sarralde, H. Pehlke, K. Teschke, T. Brey, S. Hain, T. Ichii, T. Okuda, S. 
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Somhlaba and J. Pompert (2019) Analysis of the sea-ice concentration (SIC) in 
Subarea 48.6, research blocks 2, 3, 4 and 5 with sea-surface temperature (SST) and 
statistical models. WG-SAM-2019/15. 
- T. Namba, R. Sarralde, S. Somhlaba and J. Pompert (2019a) Correlation of sea-surface 
temperature (SST) with sea-ice concentration (SIC) between Subarea 48.6 and other 
areas such as Ross Sea, Weddell Sea. WG-FSA2019/48. 
- T. Namba, R. Sarralde, S. Somhlaba and J. Pompert (2019b) Possibility of predicting 
sea-ice concentration (SIC) in research block (RB) 48.6-5 (Southern part of Subarea 
48.6) using sea surface temperature (SST) in RB 48.6-2 (Northern part of 48.6). WG-
FSA-2019/49. 
- T. Namba, R. Sarralde, T. Ichii, T. Okuda, S. Somhlaba and J. Pompert (2021) 2021 
updated analysis of the sea ice concentration (SIC) in research blocks 4 (RB4), and 5 
(RB5) of Subarea 48.6 with sea surface temperature (SST) and windsWG-SAM-
2021/21. 
 
 F/V Tronio conducted CTD deployments in subarea 48.6 during February-March in 
both 2020 and 2021 seasons using two Valeport FastCTD Profilers (Fig. 14). There were 
14 CTD stations (4 stations in RB5, 3 in RB4, 2 in, 5 in RB2) in 2020 and 13 CTD stations 
(5 stations in RB5, 8 in RB4, 0 in RB3) in 2021 from the 30 stations and 15 stations 
sampled respectively. The profile of 48.6_3 has an abrupt temperature spike in the 
subsurface of 0-200m that decreases sharply to a minimum of -1.2 °C at approx. 50m and 
increases again to 1.0 °C at 120m. The minimum temperature of -1.2 °C in 48.6_3 is higher 
than -1.7 °C of 48.6_4 and 48.6_5 probably because 48.6_3 was not covered by ice at the 
time. The profiles of 48.6_4 and 48.6_5 are similar except fluctuations in the subsurface 
layers down to 120m in 48.6_4 where it first reaches the minimum temperature (-1.8°C) 
until approx. 370m and then increases abruptly to 0.7 °C at 700m. According to the T-S 
diagram with density (isopycnal), the diagram of 48.6_3 has a U shape while that of 48.6_5 
has a reverse L shape. 48.6_4 has a shape in between U and reverse L. The T-S curve with 
density in 48.6_4 and 48.6_5 indicates that the density field is stable because the density 
increases with the depth, so vertical mixing probably does not happen frequently. 
In 2021, CTD data only in RB4 and RB5 are available. They have almost the same 




Figure 14: T profiles (of depth) and T-S diagram of CTDs with density by RB deployed by Tronio in 







 The bottom video camera system (GoPro camera and lights in GroupInc housing; Fig. 
15) was deployed at 14 locations in Subarea 48.6 by Tronio, from 1300m to 1600 m of 
depth in 2020 (Fig. 16) and 17 times in 2021. The video camera is attached to the gear on 
the buoy line close to the initial weights. Most of the images show a seabed composition of 
superficial sedimentary layer on hard rock, and probably coral-dead framework (images a-d 
in Fig. 17) and some big rocks populated with invertebrate organisms, hard corals, sponges, 
Crinoidae and Ophiuridae among them (images e-f). 
The videos show still images, except for the first moments when the gear is being 
stabilised in the seabed. Macrourids, shrimps, Ophiura and other unidentified small fishes 
can be seen lurking but no toothfish around. 
  
 
Figure 15: Benthic camera and light (left) and Benthic camera plate (right) deployed by Tronio at Subarea 
48.6 during 2018/19 fishing season. 
 





a)                                                            b) 
  
c)                                                             d) 
 
e)                                                             f) 
  
 
Figure 17: Photographs extracted from the video footage of the sea bottom in Subarea 48.6. The pictures 
show; a) bait in a dead coral framework, b) a bedrock with surrounding flats covered by thin biogenic 
sediments and a crinoid attached to a rock , c) a Macrourid species, d) a colonial ascidian in a sedimentary 
seabed with coral rubble, e) rock with Ophiuridae, sponges and Scleractinian and f) Crinoid and 
Scleractinian. 
 
Objective 7: Investigating effects of depredation. 
Observations of marine mammals have been very scarce in Subarea 48.6. There were 21 
sightings of marine mammals during the 48.6 fishing activities (Figure 18) from three 
species of baleen whales and a crabeater seal (Lobodon carcinophagus) that was resting on 
ice. Minke whale (Balaenoptera acutorostrata) and Humpback whale (Megaptera 
novaeangliae) were the most abundant and only one sighting was made on fin whale 
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(Balaenoptera physalus). Only three sightings in 2021, one is probably a sperm whale 
(Physeter catodon), one Humpback whale and the last being a Balaenopteridae 
unidentified.  
There is no evidence of marine mammals depredation on the catches in this subarea 
during the three last fishing seasons (2018/19-2020/21).  
 
Figure 18: Location of marine mammal sightings reported in Subarea 48.6 during 2018/19-
2019/20 fishing seasons. 
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Figure A1: Length distribution by sex for D. mawsoni at Subarea 48.6 since 2012/13 fishing season.
1




























































Figure A2: Weight distribution by sex for D. mawsoni at Subarea 48.6 since 2012/13 fishing season.
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Figure A3: Length-weight relationship of D. mawsoni at Subarea 48.6 since 2012/13 fishing season. Black
line is the non-linear regression of length-weight relationship common to the four research blocks. The weight
of D. mawsoni caught at Subarea 48.6 during all fishing season was modelled as a non-linear function and
predicted by the following formula: Weight = 6.377 ∗ 10−6 ∗ Length3.123.
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Figure A4: Fulton’s condition factor (K = Weight(t)/Length(cm)3) distribution of D. mawsoni at Subarea
48.6 since 2012/13 fishing season. To indicate the histogram, four individuals with > 3 K are removed from
the figures.
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Figure A5: Maturity stage distribution of D. mawsoni at Subarea 48.6 since 2012/13 fishing season.
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Figure A6: Gonadsomatic index (GSI) distribution of D. mawsoni at Subarea 48.6 since 2012/13 fishing






























































































Figure A7: Map of common non-target species which are recorded more than 20 individuals in C2 at Subarea
48.6 in the 2020/21 fishing season. Size of rings represent the number of bycatch fish. Color of rings indicates
the difference of vessel; sky blue: Tronio, red: Shinsei Maru No.3. Black lines = CCAMLR Research Blocks,



















































































































































Figure A8: Map of observed VME indicator species hauled positions at Subarea 48.6 in the 2020/21 fishing
season. Size of rings represent the weight of VME indicators. Color of rings indicates the difference of vessel;
sky blue: Tronio, red: Shinsei Maru No.3, green: Koryo Maru No.11. Black lines = CCAMLR Research










































Figure A9: Map of observed VME indicator species hauled positions at Subarea 48.6 in the 2020/21 fishing
season (continued). Size of rings represent the weight of VME indicators. Color of rings indicates the
difference of vessel; sky blue: Tronio, red: Shinsei Maru No.3, green: Koryo Maru No.11. Black lines =
CCAMLR Research Blocks, grey line = bathymetry contours 1000, 2000, and 3000 m obtained by ETOPO1.
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